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PROTEOGLYCAN 4 EXPRESSION PROTECTS AGAINST THE
DEVELOPMENT OF OSTEOARTHRITIS
M.Z. Ruan, A. Erez, K. Guse, B. Dawson, T. Bertin, Y. Chen, M.-M. Jiang, J.
Yustein, F. Gannon, B. Lee. Baylor Coll. of Med., Houston, TX, USA
Purpose: Osteoarthritis (OA) is a common degenerative condition that
afﬂicts more than 70% of the population between 55 and 77 years of age.
Although its prevalence is rising globally with aging of the population,
current therapy is limited to symptomatic relief and in severe cases, joint
replacement surgery.We aim todevelop a novel therapeuticmodality by
intra-articular over-expression of proteoglycan 4. In addition, we aim to
investigate the related mechanism in the pathogenesis of OA.
Methods: To study the effects of long-term expression of Prg4 on OA,
we generated proteoglycan 4 (Prg4) transgenic mice. To translate
localized expression of Prg4 into a therapeutic approach, we delivered
Prg4 by intra-articular injection of helper-dependent adenoviral vectors
(HDV). To investigate the related mechanism of OA pathogenesis, we
performed gene expression proﬁling of mouse articular cartilage ob-
tained by laser capture micro-dissection (LCM), in vitro cell studies and
analysis of human OA gene proﬁling.
Results: Long-term Prg4 expression under the type II collagen promoter
(Col2a1) does not adversely affect skeletal development but protects
from developing signs of age-related osteoarthritis. The protective
effect is also shown in a model of post-traumatic osteoarthritis created
by cruciate ligament transection (CLT). Moreover, intra-articular injec-
tion of HDV expressing Prg4 protected against the development of post-
traumatic osteoarthritis when administered either before or after
injury. Gene expression proﬁling of mouse articular cartilage obtained
by LCM and in vitro cell studies show that Prg4 expression inhibits the
transcriptional programs that promote cartilage catabolism and
hypertrophy. Analyses of available human OA datasets are consistent
with the predictions of this model.
Conclusions: Our data offer long-term intra-articular expression of
Prg4 as a potential chondro-protective approach to OA treatment and
provide insight into the mechanisms for OA development.20
EARLY CHONDROCYTE HYPERCELLULARITY AND APOPTOSIS MAY BE
CORRELATED WITH OSTEOCHONDRAL JUNCTION CHANGE AT
OSTEOARTHRITIS ONSET IN DUNKIN-HARTLEY STRAIN GUINEA PIGS
T. Wang, C.-Y. Wen, W.-W. Lu, K.-Y. Chiu. The Univ. of Hong Kong, Hong
Kong, Hong Kong
Purpose: Osteoarthritis (OA) has been one of most prevalent joint
disorder which bring heavy burden to social economics. Up to now, the
pathogenesis of OA is still not clearly understood. And effective treatment
for OA is also lacking. Recently, the early pathological change of OA in
cartilage and bone has drawn people's attention. However, the exact
early osteochondral change is still unknown. This study aimed to observe
the changes of cartilage and osteochondral junction in very early stage
(ﬁrst three months) of OA pathogenesis in Dunkin-Hartley guinea pig
spontaneous OAmodelwith Bristol strain 2 guinea pig as OA-free control.
Methods: Female Dunkin-Hartley and Bristol strain 2 guinea pigs ages
1, 2 and 3 months were euthanatize. Bilateral knee joints were excised.
One knee joint was scanned with Microfocal Computed Tomography
(Micro-CT), and the other knee joint was used for histopathologic and
immunohistochemistry evaluation. All evaluations were performed
blinded to the strain and time point.
Results: Signiﬁcant higher chondrocytes density was identiﬁed in DH
guinea pigs than BS2 guinea pig at 1 (DH 803.365.3 vs BS2
523.776.6/mm2, p<0.05), 2 (DH 1506.770.8 vs BS2 910.756.0/
mm2, p<0.05) and 3 (DH 1300.0144.5 vs BS2 936.2100.7/mm2,
p<0.05) months (Figure 1. a & b). Immunohistological analysis revealed
that signiﬁcant higher percentage of PCNA positive chondrocytes was
deﬁned in DH strain than BS2 at age of 1 and 2 months (Figure 1 c & d).
Morphology of chondrocytes in DH strain appeared hypertrophic at 2
and 3 months comparing to BS2 (Figure 2.a). And hypertrophic chon-
drocytes clustering was observed at 3 months in DH strain (Figure 2.a).
The thickness ratio of calciﬁed cartilage (CC) layer to non-calciﬁed
cartilage layer (NCC) was signiﬁcantly higher in DH strain at three
months (DH 0.4080.064 vs BS2 0.3110.017, p<0.05, Figure 2.b).BMD
of osteochondral junction in DH group is higher than BS2 group at and 3month (DH 0.860.07 vs BS2 0.680.06, p<0.05, Figure 3.e). The
thickness of osteochondral junction of DH strain was found signiﬁcant
higher than BS2 at age of 2 and 3 months. Additionally, the porosity of
osteochondral junction is signiﬁcantly lower at DH group at 1 (DH
18.13.7 vs BS2 33.15.3%, p<0.05), 2 (DH 14.72.3 vs BS2 24.24.2%,
p<0.05) and 3 month (DH 6.81.5 vs BS2 12.02.5%, p<0.05).
Conclusions: The ﬁnding of this study revealed that early change at
osteochondral junction, such as thickened osteochondral junction layer
with decreased porosity, may lead to early sign of chondrocytes
hypertrophy, apoptosis and calciﬁcation, as well as chondrocytes
hypercellularity in compensation.
Figure 1. a: H&E staining of knee joints of DH and BS2 strain guinea pigs; b: signiﬁcant
higher chondrocytes cellularity was deﬁned in DH strain than BS2 at 1, 2 and 3 months
of age; c: Demographic image of immunohistochemistry of proliferating cell nuclear
antigen (PCNA) on sagittal sections of the Tibial end cartilage of DH and BS2 guinea
pigs at age of one month; d: signiﬁcant higher percentage of PCNA positive chon-
drocyte was deﬁned in DH strain than BS2. * p<0.05, ** p<0.001.
Figure 2. a: Toluidine blue staining of knee joints of DH and BS2 strain guinea pigs.
NCC: non-calciﬁed cartilage, CC: calciﬁed cartilage, SCB: subchondral bone. Hyper-
trophic chondrocytes clustering was observed at 3 months (red circle); b: ratio of CC/
NCC was found signiﬁcant higher in DH strain than BS2 at 3 months. * p<0.05.
Figure 3. representative Micro-CT image of guinea pig medial knee joint (a) and cross-
section view of tibial osteochondral junction of knee joints (b). Quantitative data
showing the differences between DH and BS2 strain guinea pigs in thickness of
osteochondral junction(c), porosity (d) and BMD (e) , * p<0.05.
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ARTICULAR CHONDROCYTES ARE PHYSICALLY CONNECTED
THROUGH A CELLULAR NETWORK THAT IS RESPONSIBLE OF THE
METABOLIC COUPLING BETWEEN CHONDROCYTES LOCATED IN
DIFFERENT LAYERS OF THE TISSUE
Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62 S19M.D. Mayan y, P. Carpintero-Fernandez y, R. Gago-Fuentes y, P.
Fernandez-Puente y, P. Filgueira-Fernandez y, N. Goyanes y, V.
Valiunas z, P. Brink z, G.S. Goldberg x, F.J. Blanco y. yOsteoarticular and
Aging Res. Group. Rheumatology Div., BioMed. Res. Ctr.-INIBIC-CHUAC, A
Coruña, Spain; zDept. of Physiology and Biophysics. State Univ. of New
York, Stony Brook, NY, USA; xDept. of Molecular Biology, Med. Ctr. Drive,
Univ. of Med. and Dentistry of New Jersey, Stratford, NJ, USA
Purpose: Chondrocytes in tissue are isolated in small cavities called
lacunae.We have recently found that articular chondrocytes fromhuman
adults and young Sus scrofa contain long cytoplasmic arms that cross the
extracellular matrix and physically connect two chondrocytes located in
distant lacuna. Besides, we have also demonstrated that primary chon-
drocytes from adults are able to communicate with each other via gap
junctions (GJ) as evidenced by the intercellular transfer of tracer dyes.
Methods: For immunohistochemistry assays, in situ cartilage was
immediately frozen using Tissue-Tek O.C.T. and isopentanol in liquid
nitrogen. Samples were ﬁxed with acetone for optical microscopy
assays. For Scanning Electron Microscope, samples were embedded in
cacodylate buffer before dehydratation. In situ electroporationwas used
for the study of gap junctional communication (InSitu Porator Cell
Projects Ltd). Dual Voltage-clamp methods and whole-cell/perforated
patch experiments along with the study of glucose and oligonucleotides
transferencewere carried out in the laboratory of Peter Brink and Virgin
Valiunas. Transwell co-culture system (Transwell with 3.0mm Pore)
and mass spectrometry were used for the identiﬁcation and quantiﬁ-
cation of transjuctional amino acids. Primary chondrocytes were
previously cultured in SILAC Dulbecco's Modiﬁed Eagle's Medium
containing 73mg/mL of L-lisina [13C6] and/or 28mg/mL of L-arginina
[13C6,
15N4]. Prior to LC analysis amino acids were derivatized using the
tEZ: faastTM kit. Detection of analytes was performed with a Thermo
Scientiﬁc LTQ-Orbitrap Discovery working in ESI+ mode and full scan
(250-400 amu) acquisition at a resolution (FWHM) of 30,000.
Results: Electrophysiology experiments and “metabolic capture” assays
reveal that the cytoplasmicprojections containGJwhichplayametabolic
function by exchanging nutrients including glucose and essential amino
acids between cells. Microinjection of the ﬂuorescent glucose derivative
2-NBDG showed a progressive ﬂuorescence intensity increase in the
contacted recipient cells during 22 and 35minutes after dye injection. In
situ electroporation (10pulses of 20V) of donor cells conﬁrmed that adult
chondrocytes efﬁciently exchange glucose between adjacent cells (18-20
cells deep). When cells were pre-incubated for 1 hour with 250mg/ml of
the GJ inhibitor GAP27, the transference of glucosewas severely reduced
(1-2 cells deep). For Transwell co-culture system, donors previously
cultured in “heavy medium” were allowed to settle for 4 hours, time
enough to form cell projections, on the membrane right side up con-
taining receivers. Mass spectrometry analysis revealed the transference
of 3,5 pmol/ml of [13C6]-L-lysina and 3 pmol/ml of [
13C6,
15N4]-L-arginina
(cell lysate from receivers). No signals were observed in receiver control
that was not in contactwith donors. The results were conﬁrmed using in
situ electroporation and ﬂuorescent labelled amino acids.
Conclusions: The results here presented demonstrated that chon-
drocytes from human adult cartilage are physically connected to each
other forming a three-dimensional cellular network, and are able to
transfer nutrients such as glucose and essential amino acids through GJ
channels. These results shed new light on the structural organization of
cartilage, chondrocytes metabolism, and cell signalling.22
SYNDECAN-4 DEFICIENT CHONDROCYTES EXHIBIT ALTERATIONS IN
ACTIVATION OF WNT SIGNALING PATHWAYS LEADING TO HIGHER
PHENOTYPIC STABILITY
J. Bertrand y, R. Stange z, G. Nalesso x, J. Sherwood y, L. Godmann y, F.
Echtermeyer k, F. Dell'Accio x, T. Pap y. y Inst. for Experimental
Musculoskeletal Med., Münster, Germany; zUniv. Hosp. Muenster,
Münster, Germany; xWilliam Harvey Inst., London, United Kingdom;
kUniv. Hosp. Hannover, Hannover, Germany
Purpose: Blockade of syndecan-4 (Sdc4) signaling protects mice from
cartilage degradation in experimentally induced osteoarthritis (OA).
Cartilage damage results in hypertrophic differentiation of chondrocytes
and matrix remodeling. These changes in chondrocyte phenotype are
induced by various signaling pathways including the WNT signalingpathway. Here, we hypothesized that Sdc4 controls the chondrocyte
phenotype by speciﬁc modulation of WNT signaling pathways.
Methods: In vitro analyses were performed using neonatal wild type
(wt) and Sdc4-/- chondrocytes, or a blocking Sdc4 antibody on wt
chondrocytes. The inﬂuence of (100 ng/ ml) WNT3a on glycosamino-
glycan (GAG) production was analyzed using alcian blue staining of
micromass cultures. The expression of chondrocyte marker genes
(aggrecan, collagen 2, MMP13) was measured by quantitative RT-PCR.
The effects of WNT3a on canonical and noncanonical WNT signaling
were analyzed using Western Blot detection of ß-catenin, pLRP-6,
pCamKII and pJNK and a TCF/LEF reporter assay. To investigate the in
vivo relevance of the investigated pathways induction of OA in wt and
Sdc4-/- mice was performed using the DMMmodel and stainings for ß-
catenin and pCamKII were performed.
Results: Micromass cultures revealed a higher basal GAG production by
Sdc4-/- than wt chondrocytes. Furthermore, WNT3a stimulation led to
a decrease in GAG production in wt, which was absent in Sdc4-/- chon-
drocytes. These ﬁndings were corroborated by a 10x higher basal
production of aggrecan and collagen 2 in Sdc4-/- compared to wt chon-
drocytes. The expression of both genes was 10 fold increased by stimu-
lationwithWNT3a,whereasWNT3a led to a decrease in the expression of
both genes in wt chondrocytes. Inverse results were found for the
hypertrophic marker MMP13, which was signiﬁcantly less expressed in
Sdc4-/- chondrocytes andwas not upregulated uponWNT3a stimulation,
like inwt chondrocytes.Westernblot analyses of canonicalWNTsignaling
showed that ß-catenin is strongly reduced and not upregulated upon
stimulation with WNT3a in Sdc4-/- chondrocytes. Conﬁrming these
ﬁndingswe also found less phosphorylation of LRP6 and less activation of
the TCF/Lef reporter upon WNT3a stimulation in Sdc4-/- chondrocytes.
Noncanonical WNT signaling was increased in Sdc4-/- under basal
conditions, but decreased uponWNT3a stimulation in Sdc4-/-. The same
effects on canonical and noncanonical WNT signaling upon WNT stimu-
lationwere obtained by using a blocking Sdc-4 antibody. In vivo analyses
of canonicalWNT signaling conﬁrmed the decreased basal activation and
the missing increase after induction of OA in Sdc4-/- mice.
Conclusions:We conclude from our data that Sdc4 is a major regulator
of cellular response to WNT signals through inhibition of induction of
the canonical WNT signaling pathway. Therefore, we suggest that the
blockade of Sdc-4 protects from OA induced changes in chondrocyte
phenotype by inhibiting WNT induced differentiation of chondrocytes.23
THE ROLE OF CXCR2 SIGNALING IN ARTICULAR CARTILAGE
HOMEOSTASIS
J. Sherwood y,z, J. Bertrand y, G. Nalesso z, P. Achan z, C. Pitzalis z, T.
Pap y, F. Dell'Accio z. yUniv. Hosp. Münster, Münster, Germany; zQueen
Mary Univ. of London, London, United Kingdom
Purpose: The production of ELR+ CXC chemokines is widely studied in
arthritis and is postulated to contribute to the inﬂammatory phenomena
that lead to cartilage breakdown and arthritis pathology. However,
healthy articular chondrocytes also express their own chemokine
receptors and ligands. The function of CXC chemokine receptors in these
cells is puzzling because chondrocytes are encased in a dense extracel-
lular matrix and are not known to migrate in vivo. This study aims to
identify the function of this signaling mechanism in articular cartilage.
Methods: Adult human articular chondrocytes, wild type and CXCR2-/-
costal chondrocytes were expanded in monolayer culture under stan-
dard conditions. CXCR1 and CXCR2 expression was conﬁrmed using
semiquantitative reverse transcription polymerase chain reaction (RT-
PCR), Western blot and immunohistochemistry. Chemokine receptors
and ligands were detected in full thickness human articular cartilage
from healthy and osteoarthritis (OA) patients and in mouse articular
cartilage using immunohistochemistry. CXCR1/2 signaling was blocked
at speciﬁc receptor level using validated blocking antibodies and siRNA
in human cells. Chondrocyte phenotypic gene expression was assessed
using real time RT-PCR. The content of highly sulphated proteoglycans
in chondrocyte micromasses was analysed using Alcian blue staining
and spectrophotometric quantiﬁcation normalised for total protein
content. AKT phosphorylation was assessed by Western blot, and was
further upregulated in mouse costal chondrocytes using a constitutively
active AKT expressing plasmid. Surgical destabilization of the medial
meniscus (DMM) was used to induce instability into the left knees of 8
week old CXCR2-/- mice and wild type BALB/C controls (N ¼ 10 per
